In this paper, fuzzy subgroups on direct product of groups over a t-norm has been discussed. By using a t-norm T, we characterize some basic properties of T -fuzzy direct product of groups and normal T -fuzzy direct product of groups. Also we define the concept normal subgroups between T -fuzzy direct product of groups and prove some basic properties.
Introduction
The notion of a fuzzy subset of a set is due to Lotfi Zadeh ([11] ). At present this concept has been apllied to many mathematical branches, such as group, functional analysis, probability theory, topology, and so on. The notion of fuzzy subgroup was introduced by A. Rosenfeld et.al [5] , [10] in his pioneering paper. Many authors [2] , [3] , [6] , [7] , [8] applied the concept of fuzzy sets for studies in fuzzy semigroups, fuzzy groups, fuzzy rings, fuzzy ideals, fuzzy semirings and fuzzy near-rings and so on. In fact many basic properties in group theory are found to be carried over to fuzzy groups. In 1979 Anthony and Sherwood [4] redefined a fuzzy subgroup of a group using the concept of triangular norm (t-norm, for short). In this paper, we use a t-norm T to introduce the notion of T -fuzzy direct product of groups and normal T -fuzzy direct product of groups, and investigate some of their properties.
2 T -fuzzy groups and normal T -fuzzy subgroups on direct product of groups Definition 2.1. Let G 1 , G 2 be two arbitrary groups with a multiplicative binary operations and identities e 1 , e 2 respectively. A fuzzy subset of
Conversely, suppose that µ(x 1 , y 1 ) = µ(e 1 , e 2 ). By Lemma 2.3 we have µ(
Proof. By Lemma 2.5,
Hence
Example 2.5. Let f be an epimorphism of Z
2 × Z 2 onto Z 2 × Z 2 such that f (x, y) = (x, y) for all (x, y) ∈ Z 2 × Z 2 . Let T (x, y) = T p (x, y) = xy ∀(x, y) ∈ Z 2 × Z 3 and define µ ∈ NT F(Z 2 × Z 2 ) as µ(0,0) = µ(0,1) = µ(1,0) = µ(1,1) = 0.4. Then f (µ), f −1 (µ) ∈ NT F(Z 2 × Z 2 ). Proposition 2.5. Let µ 1 , µ 2 ∈ NT F(G 1 × G 2 ). Then µ 1 ∩ µ 2 ∈ NT F(G 1 × G 2 ). Proof. Since µ 1 , µ 2 ∈ NT F(G 1 ×G 2 ) then from definition of normal T -fuzzy subgroups of G 1 ×G 2 for all (x 1 , y 1 ), (x 2 , y 2 ) ∈ G 1 × G 2 we have that (µ 1 ∩ µ 2 )((x 1 , y 1 )(x 2 , y 2 )(x 1 , y 1 ) −1 ) = T (µ 1 ((x 1 , y 1 )(x 2 , y 2 )(x 1 , y 1 ) −1 ), µ 2 ((x 1 , y 1 )(x 2 , y 2 )(x 1 , y 1 ) −1 )) = T (µ 1 (x 2 , y 2 ), µ 2 (x 2 , y 2 )) = (µ 1 ∩ µ 2 )(x 2 , y 2 ). Corollary 2.2. Let I n = {1, 2, ..., n}. If {µ i | i ∈ I n } ⊆ NT F(G 1 × G 2 ), Then µ = ∩ i∈I n µ i ∈ NT F(G 1 × G 2 ). Example 2.6. Let µ 1 (0,0) = µ 1 (0,1) = µ 1 (0,2) = µ 1 (1,0) = µ 1 (1,1) = µ 1 (1,2) = 0.7 and µ 2 (0,0) = µ 2 (0,1) = µ 2 (0,2) = µ 2 (1,0) = µ 2 (1,1) = µ 2 (1,2) = 0.6. Let T (x, y) = T p (x, y) = xy ∀(x, y) ∈ Z 2 × Z 3 . Then µ 1 , µ 2 , µ 1 ∩ µ 2 ∈ NT F(Z 2 × Z 3 ). Definition 2.7. Let µ, ν ∈ T F(G 1 × G 2 ) and µ ⊆ ν. Then µ is called a normal subgroup of the subgroup ν, written µ ¤ ν, if for all (x 1 , y 1 ), (x 2 , y 2 ) ∈ G,µ((x 1 , y 1 )(x 2 , y 2 )(x 1 , y 1 ) −1 ) ≥ T (µ(x 2 , y 2 ), ν(x 1 , y 1 )).
Proposition 2.6. (1) If T be idempotent, then every T -fuzzy subgroup is a normal fuzzy subgroup of itself. (2) µ ∈ NT F(G
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Example 2.7. Let G = {1, −1} be a productive group and µ(1,
Hence µ ∩ ν ¤ ν.
Proposition 2.7. Let T be idempotent and
= T ( f (µ)(x 2 , y 2 ), f (µ)(x 1 , y 1 )). Hence f (µ) ¤ f (ν). x 1 , y 1 ) ) ≥ T (µ( f (y)), ν( f (x 1 , y 1 ))) = T ( f −1 (µ)(x 2 , y 2 ), f −1 (ν)(x 1 , y 1 )), 
